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(1) (2)1. Current literature highlights
1.1. A library approach to the synthesis of novel hydroxamic
acids targeting the metallo-protease family
For many years proteases have been viewed as important
targets for the pharmaceutical industry. Potent inhibitors
for the four classes of proteases (cysteine-, aspartyl-, serine-
and metallo-) have been discovered. For example inhibitors
of ACE (Angiotensin-converting enzyme), have been devel-
oped and marketed as antihypertensive agents for several
years, and inhibitors of the aspartyl HIV protease have also
been more recently investigated. Eﬀort has also focused on
metallo-proteases and closely related metallo-hydrolases in
the search for compounds for the treatment of cancer or
arthritis, with inhibitors of TACE (TNF-a-converting
enzyme), HDAC (histone deacetylase) and MMPs (matrix
metalloproteases) being discovered in the last few years.
Recent work has sought to clarify the functions of metallo-
proteases by the design and synthesis of speciﬁc inhibitors
containing a hydroxamate group.1 This functionality is a
recognised and well-characterised Zn2+ binding group
and therefore diversely substituted hydroxamates should
be useful in clarifying functions of metallo-proteases. Fur-
thermore, they could represent potential starting points for
the development of novel therapeutic agents.
The new publication centres on the preparation and ﬁrst
screening results of a library of malonylhydroxamic acids
of general structure (1). Their synthesis is based on a simple
convergent solution phase synthesis using diverse amines
and O-tert-butyl hydroxamic acids bearing a free carbox-
ylic acid function. As a proof of concept, the authors
screened their library against APN (an encephalin-process-
ing enzyme also known as APN/CD13), a prototype
metallo-protease of the M1 family. In this way, a 217-doi:10.1016/j.comche.2007.07.001
E-mail: nterrett@ensemblediscovery.commembered library of singletons was synthesised in solution
using amines and malonic acid derivatives as synthetic sub-
strates. The library of 217 compounds was screened against
mammalian neutral aminopeptidase (microsomal), in order
to prove that the library could deliver hits on a given zinc
metallo-enzyme and be a useful tool for the study of other
metallo-enzymes.Screening was performed at a concentration of 10 lM.
Enzyme activity was assessed at 405 nm by the release of
the chromogenic p-nitro-aniline resulting from the cleavage
of the substrate Leu-p-nitro-anilide. A signiﬁcant number
of hits against APN was obtained. Library members dis-
playing an inhibition above 80% were re-synthesised for
IC50 determination. One of the most potent hits obtained
in this way was (2) which displayed an IC50 of 82 nM for
inhibition of APN. This work provides proof of concept
for inhibition of APN, a prototypal aminopeptidase of
the M1 family. Not only can the new inhibitors be used
as tools for further optimisation, but also the library itself
may be a useful tool in attempts to elucidate the function of
other, recently identiﬁed metallo-proteases of the M1 fam-
ily. Furthermore, the diversity of the library suggests that it
could be useful for the study of other classes of Zn metallo-
proteases.1.2. Solid phase synthesis of new inhibitors of the essential
cell division FtsZ enzyme as a new potential class of
antibacterials
The widespread use and misuse of antibiotics has enabled
and facilitated a selection pressure for bacteria resistant
to all known classes of antibiotics. This problem is of the
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resistance among bacterial pathogens worldwide necessi-
tates the development of structurally new antibacterials.
One avenue for exploration is designing novel antibiotics
against targets essential for growth, whose inhibition leads
to a lethal phenotype. This bacterial cell division process
encodes essential proteins forming the divisome, and as
such are perceived as representing some of the best antibac-
terial targets available. These proteins are extremely sensi-
tive to inhibition since the cell division depends on
recruitment of speciﬁc proteins in an essential cascade for
forming the divisome.
Among those proteins, FtsZ can be considered as a speciﬁc
target because this is the most important and conserved
protein in the cell division machinery. Recent work has
exploited FtsZ as a target in the design of inhibitors of cell
division.2 This work has focused eﬀorts on the FtsZ protein
of Pseudomonas aeruginosa, one of the major opportunis-
tic pathogens causing severe nosocomial infections. The
researchers synthesised a small number of molecules using
combinatorial chemistry methodology on solid phase, pre-
paring a set of highly diversiﬁed GTP analogues as poten-
tial FtsZ inhibitors. The GTP binding and hydrolytic
activities of the puriﬁed P. aeruginosa FtsZ protein were
characterised, and the inhibitory activity of each synthes-
ised GTP analogue was then evaluated individually
in vitro against the FtsZ GTPase activity and in vivo on
whole bacterial cells.
The core structure (3) was utilised for parallel synthesis and
oxime resin was chosen as the solid support, capturing the
core via its acid functionality to give (4). After removal of
the Boc group from (4) the nitrogen was derivatised and
the ﬁnal compounds cleaved from resin as the amide, fol-
lowing addition of a set of nucleophilic amines, giving
(5). Synthesised compounds were analysed for their capa-
bility to inhibit GTPase activity of FtsZ in vitro using
the conversion of GTP into GDP to assess the inhibitory
properties of the compounds.NN
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PS = Polystyrene Oxime resinAll the GTP analogues inhibited the GTPase activity of
FtsZ with IC50 values between 450 lM and 2.6 mM. One
of the most potent analogues was (6) with an IC50 value
of 450 lM for inhibition of the GTPase activity of FtsZ.
Additionally, this compound possessed antimicrobial
activity of 10 mM, inhibiting the growth of S. aureus cells.
This work represents the ﬁrst report describing GTP ana-
logues having promising inhibitory properties of the
GTPase activity of FtsZ, and validated antimicrobial prop-
erties against whole bacterial cells.2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
A peptide cyclisation–cleavage reaction on oxime resin
(PCOR) to obtain in one key step large macrocyclic pep-
tides has been investigated. The diﬀerent parameters aﬀect-
ing the cyclisation–oligomerisation reaction, whether to
favor cyclic monomer or cyclic oligomers formation has
been reported.3
The synthesis of racemic Alloc-Ncy(Tmob)–OH, the reso-
lution of its methyl ester and the demonstration of its appli-
cation to form a norcysteine bridge in octreotide-amide
using the Fmoc strategy on solid phase has been reported.
N-Alloc and S-Tmob protection of norcysteine (Ncy) were
found to be a preferred choice for Fmoc strategy over three
other protected norcysteines synthesised.4
The synthesis of a chemical compound library, structurally
inspired by the Amaryllidaceae alkaloids, using diversity-
oriented synthesis (DOS) has been presented. Highlights
of this work include the rapid, high-yielding construction
of the octahydroindolinone core and the solid-phase diver-
siﬁcation of the lactam using a neutral phosphazene base.5
2.2. Solution-phase synthesis
An eﬃcient and general ionic liquid supported synthesis of
a cis-b-lactam library via multistep reactions have been
successfully carried out in a single ionic liquid batch. The
method exhibited the advantages over soluble and insolu-
ble polymeric support strategies, such as high loading
capacity, avoiding of large excesses of reagents and easy
puriﬁcation. The products were obtained in good yields
and purities.6
A modular approach to novel 6-amino-7-hydroxysubsti-
tuted hexahydro-benzo[1,4]oxazin-3-ones has been devel-
oped. The method involves a sequential ring-opening of
trans-1,4-cyclohexadiene dioxide with amino nucleophiles.
The resultant mono-epoxide from benzylamine was con-
verted to a general electrophilic precursor, which enables
the parallel treatment with amino nucleophiles to obtain
a series of cyclohexane-fused morpholin-3-ones.7
2.3. Scaﬀolds for combinatorial libraries
No papers this month.
2.4. Solid-phase supported reagents
Silica-bound thiocarbamates were prepared by Curtius
rearrangement of carboxylic acids in the presence of thiol
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found to be stable isocyanate equivalents, which upon
treatment with amines eﬃciently aﬀord di- and tri-substi-
tuted ureas. The urea products released from the catch
and release support were, in the majority of cases, greater
than 95% pure and required no further work up.8
Vacuum-driven anionic ligand exchange of a perﬂuoro-
carboxylic acid with ruthenate-bound perﬂuorocarboxyl-
ates has been demonstrated and this allows for a novel
entry to solid-supported ruthenium benzylidenes.9
TiO2–silica has been used as an eﬃcient solid-supported
catalyst for the synthesis of a series of novel dispirohetero-
cyclic systems by the cycloaddition of an azomethine ylide
with various unusual dipolarophiles in a one pot, three
component tandem reaction.10
2.5. Novel resins, linkers and techniques
Despite eﬀorts aiming to optimise SPPS, serious problems
mainly aﬀecting the assembly of aggregating sequences
have persisted. Following a study intended to unravel the
complex solvation phenomenon of peptide–resin beads,
the XING and XAAAA model aggregating segments were
labelled with a paramagnetic probe and studied via EPR
spectroscopy. It was noted that the cyclohexyl group, used
for Asp and Glu residues in Boc-chemistry, induced greater
chain immobilisation than its tert-butyl partner-protecting
group in the Fmoc strategy. Otherwise, the most impressive
peptide chain immobilisation occurred when the large trityl
group was used for Asn and Gln protection in Fmoc-chem-
istry. These surprising results seem to suggest the inﬂuence
of amino-acid side chain protecting groups on the overall
peptide synthesis yield.11
2.6. Library applications
Novel 2,4-diaminopyrimidine-based small molecule renin
inhibitors have been disclosed. Through high throughput
screening, parallel synthesis, X-ray crystallography, and
structure-based drug design, the ﬁrst non-chiral, non-
peptidic, small molecular templates to possess moderate
potency against renin have been discovered. The
compounds consist of a novel 6-ethyl-5-(1,2,3,4-tetrahy-
droquinolin-7-yl)pyrimidine-2,4-diamine ring system that
exhibits moderate potency against renin while remaining
‘Rule-of-ﬁve’ compliant.12
4-Arylpyrano-[3,2-c]-pyridones have been prepared by a
one-step cyclocondensation of 4-hydroxy-1,6-dimethylpyri-
din-2(1H)-one with various substituted benzaldehydes and
malononitrile. These heterocycles exhibit micromolar and
submicromolar antiproliferative activity in HeLa and in-
duce apoptosis in Jurkat cell lines. Structure-activity stud-
ies performed on a small library of these compounds show
a pronounced cytotoxicity enhancing eﬀect of the bromo
substituent at the meta position of the C4 aromatic
moiety.13
PPARc-activating thiazolidinediones and carboxylic acids
such as farglitazar exert their anti-diabetic eﬀects in partin PPARc rich adipose tissue. Both pro- and anti-adipo-
genic PPARc ligands promote glucose and lipid lowering
in animal models of diabetes. Representatives of an array
of 160 farglitazar analogues with atypical inverse agonism
of PPARc in mature adipocytes have been described.14
To improve the ex vivo potency of an MCH inhibitor and
to address its hERG liability, a structure–activity study has
been carried out, focusing on three regions of the lead
structure. Introduction of new side chains with basic nitro-
gen improved in vitro and ex vivo bindings, and many po-
tent compounds with Ki < 10 nM were discovered.
Attenuating the basicity of the side chain, and in particular,
introduction of a polar group such as aminomethyl on the
distal phenyl ring signiﬁcantly lowered the hERG
activity.15
Plasmodium falciparum causes one of the deadliest forms of
malaria and resistance to the currently available drugs
makes it imperative to develop new, safe and potent drugs.
Parasites such as P. falciparum are unable to synthesise
purines de novo and to this end libraries of purine ana-
logues as potential anti-malarial agents have been designed
and synthesised. Three compounds with promising activity
against the highly chloroquine-resistant VS1 P. falciparum
have been described.16
A selection of a new class of small molecule antagonists for
the h-GnRH receptor, their preparation, and evaluation
in vitro has been reported. Following a computational
assessment, the top 5% of templates were further evaluated
in silico and assessed for novelty and synthetic accessibility.
The tetrahydropyrido[4,3-d]pyrimidine-2,4-dione core was
selected for synthesis and using an array approach for ana-
logue design and synthesis, the binding was driven below
below 10 nM for the h-GnRH receptor after two rounds
of optimisation.17References
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